The nature of the dark matter which comprises the bulk of the matter density of the universe remains mysterious. Recently, Spergel and Steinhardt [1] have revived [2, 3] suggestions that dark matter may be strongly self-interacting, i.e., collisional. While the motivation of these groups was to show how such material would have attractive properties with regard to large-scale structure and the galactic halos formed thereof, we show here an important by-product: for reasonable values of particle mass and collisional cross-section, galaxy cores would quite naturally grow, within them, massive black holes in the mass range 10 6 − 10 9 M ⊙ , having the scaling observed by Magorrian et al. [4], M BH ∝ σ 4.5 gal ∝ L gal , for observed black holes in nearby galaxies. Other astrophysical consequences of collisional dark matter and tests of this idea are noted.
The physical picture is quite simple. Assuming a normal power spectrum of perturbations, dark matter halos begin to form in earnest in the redshift range Z = 30 → 20, with star formation commencing in a significant way in the internal Z = 20 → 10 (Rees et al. [5] , Ostriker and Gnedin [6] ). The massive stars formed at these early epochs (Abel et al. [7] ) will have several dramatic effects on subsequent cosmic evolution: they emit UV radiation copiously, which begins to reheat and reionize the intergalactic medium; they ultimately explode, contaminating their environment with the first heavy elements; and, most importantly for our present purposes, their cores implode to leave black holes (Arnett [8] ), having masses˜1/4 of the original stellar mass.
The 25 M ⊙ black hole remnant from a 100 M ⊙ (H, H e ) star will immediately begin to accrete collisional dark matter in the core of the dark halo within which it forms. At high densities, the dark matter will behave like an adiabatic gas and accete as per the classic work of Bondi [9] :
where (ρ A , C A ) are the density and sound speed in the ambient dark matter fluid.
The halo of which this matter is composed is likely isothermal in its prior structure due to both collisional and violent (Lynden-Bell [10] ) relaxation and thus has a profile:
[We consider a more general profile subsequently.] Integrating equations (1) and (2) , one finds that the central massive black hole grows at the speed of sound to reach, in time t, a mass GM BH (t) = 2C 3 A t, where we note in passing that it will vacuum up all the local baryonic components as well as the core dark matter.
This phase of rapid growth can only persist until the accretion radius has grown to the point far enough from the center whereby the dark matter mean free path approaches the accretion radius. Then a transition will occur to slower, diffusively limited growth. At this time, t 1 , mean free path
where (σ p , m p ) are the dark matter self-interaction scattering cross-section and particle mass respectively. At this time, the core radius is r t 1 = σC A /(2πGm p ). An alternate way of writing equation (3) in terms of dimensionless numbers is instructive:
where the first quantity in parenthesis is the classic "big number" representing the ratio of electromagnetic to gravitational forces (˜10 42 ), σ T is the electromagnetic Thompson cross-section and c is the speed of light. To translate this into physical units, we take m p = 100G e V, σ/σ T = 10 −2 and C A = 100km/s, then M BH = 3 × 10 3 M ⊙ , an interesting value. The next phase of slower growth has been treated by several authors. A cusp forms about the black hole approximately described (for gravitational interactions) by the classic Bahcall-Wolf [11] solution, as modified by loss cone effects (Ostriker and Tremaine [12] ) in the inner parts. The rate of accretion is determined by the rate at which particles are scattered into the loss cone, which begins at the Bondi accretion radius. Thus, it is initially the Bondi accretion rate multiplied by the probability of strong scattering for a particle orbiting at the Bondi radius: P = σC 4 A / (Gm p GM BH ), to give an accretion rate GṀ BH = 2σC 7 A /(GM BH )(Gm p ). This produces a mass growing, after the transition, as the square root of the time, giving for the present time t H . GM BH = 4σC 7 A t H / (Gm p ) which gives M BH = 4.1×10 8 for the previously quoted parameters, and t H = 10 10 yrs, a somewhat too large value, with approximately the correct scaling on C A . In fact, this solution cannot be extrapolated to late times or to very small values of σ/m p , because at some point accretion onto the black hole will be limited by the mean free path in the vicinity of the Schwarzschild radius, after which accretion only occurs within a loss cone. Then the estimate is reduced by a factor of (C A /c) to give (Ostriker and Tremaine [12] )
where the numerical constant I is approximately I = [1 + 2 ln(c/C A ]/2π. Since the fundamental particle physics is quite uncertain in any case, we can best parameterize our ignorance by defining η ≡ σ/Gm p and, noting that the requirement of Spergel and Steinhardt [1] that the halo be optically thick to collisions at a radius r 1 is equivalent to 1 ≡ 4r 1 σ = 2C 2 A σ/πGm p r 1 , or η = 0.5πr 1 /C 2 A (it is trivial to generalize these definitions to the likely case that the cross-section is velocity dependent), we find GM BH 1.2 C 7 A t H r 1 /c 2 or M BH = 2.4 × 10 7 C (10 ±0.19 ) encouraged by their analysis. We replace the speed of sound C A with the circular velocity V 2 c = 1 2 C 2 A in the above relation to connect more conveniently to normal astronomical measurements. For both our own galaxy where V c,100 ≈ 1, and for M87 for which V c,100 ≈ 5, the resulting black hole mass is perhaps a factor of ten too high [4] , but this should be treated as a remarkable agreement given the crudeness both of the analysis and of the estimated collisional DM properties.
It is reasonable to ask how the solution changes if we relax the assumption that the profile is that of a singular isothermal sphere for which the density profile (eq. 2) is ρ ∝ r −α with α = 2. The widely adopted NFW [13] profile for dark matter halos takes α = 1 in the inner parts and other authors find typical values near α = 3/2 (see [14] for references). One can show [12] that, in the more general case, if the galactic luminosity scales as L ∝ V µ c , the mass-to-light ratio scales as (M/L) ∝ V δ c , so that the mass scales as M ∝ V µ+δ c , then the final black hole mass will scale with the galaxy mass as
.
Remarkably enough, for the case of greatest interest, where µ + δ = 9/2, then K = 1 regardless of the value of α. Thus, the conclusion reached in the case of a cusp which is initially that of a singular isothermal sphere (α = 2), that M BH ∝ M gal , the observational result found by Magorrian et al. [4] , is likely to be very close to that generally obtained for values of the initial cusp parameter departing moderately from this value. It is quite possible that physical processes not included in this elementary treatment could substantially inhibit the growth of black holes in the Spergel-Steinhardt scenario, the required values being somewhat smaller than given in the previous paragraph. We must conclude that the existence of strongly selfinteracting dark matter has the exciting potential for leading to the growth of central massive black holes in normal galaxies with the observed scaling parameters.
Two corollary consequences should be noted. First, since the hypothesized dark matter particles do not have radiative interactions, accretion of them will not produce an electromagnetic luminosity output, L em , breaking the assumed link L em dt = ǫ em ∆M/c 2 , with normal estimates of ǫ em ≈ 0.1.
Alternatively phrased, if most of the matter accreted is dark matter, then a low efficiency (ǫ em << 1) is to be expected. Second, since the mean free path of the particles is comparable to the system size, the dark matter fluid will be extremely viscous, with dynamical consequences that may be imagined.
